The Loss-of-Fluid Test (LOFT) Reactor Facility in Idaho includes a highly instrumented nuclear reactor operated by the Department of Energy for the purpose of establishing nuclear safety requirements. 
Text
The Three Mile Island (TMI) incident has triggered an interesting and far-reaching change in the nuclear industry. Ensuing investigations following TMI confirmed what many in the industry, particularly the control room personnel, already knew: the complexity of operating a nuclear plant was -becoming more than plant operators, armed with conventional control room instrumentation, could handle. Discussions with plant operators indicated that more information was needed. Those same discussions also pointed out that under emergency conditions, the operator was unable to cope with the amount of data he was currently receiving. Thus, the dilema is how to get more information to the operator without overwhelming him in the process. The problem was not in what information he was receiving, but how he was receiving it.
All who have seen typical nuclear power plant control rooms are duly impressed by the myriad of meters, dials, gauges, flashing indicators, and other eye-catching and ear-prodding indicators. LOFT personnel who have experienced the mounting tension of an impending "transient" and observed the intensity with which the operators pour over their charts, procedures, and read-out devices are impressed with the complexity of the operator's job. When something deviates from the expected, followed by the varying element of confusion, we sympathize with the operator who must maintain order in these plants. The operator's job often moves from continuing boredom to near-havoc in the course of his day. In many instances there cannot be a procedure for or sometimes even the time to meet each challenge.
A method of supplying the operator with more efficient data in a better form is clearly needed. The obvious observation is that some interim device must be employed to arrange the data into meaningful and more easily understood display patterns. These display patterns must be readily available and contain enough, but not too much, information. They must be logically and hierarchically ordered so that the operator can rapidly descend through them to the level of detail that best meets his current needs. It follows easily that the interim device be the computer and, after some deliberation, that the method of information display be primarily the graphics display terminal. The addition of color to the graphics display not only provides an increased variety of display entities but also proves to be more aesthetically pleasing and thus enhances the operator's endurance and efficiency. The Figure 1 shows the configuration of the ODDS hardware.
The LOFT data system acquires both analog and digital information from the plant. The analog data is digitized and together with the digital data is formatted into buffers and transmitted to the ODDS. System display generation and color coding is accomplished on the PRIME and stored in the display terminals refresh memory at 9600 baud by a serial data link. The ODDS presently supports color monitors in the control room, the technical support center, and the visitors' display room.
The system shown in Figure 1 Call-up time was considered first. The Reactor Operations personnel found the keyboard extremely intimidating. Typing the instructions needed to define the required display produced excessive errors, especially under conditions of stress. Several methods were studied to improve this manmachine interface, among them pre-programming the function keys for basic displays, a light pen using a menu, a separate push button function panel, and a touch panel using a dedicated monitor displaying a programmable menu. The touch panel menu approach was chosen as the most effective under all conditions of stress. The touch panel hangs directly over the monitor screen and is thin enough not to hamper the operator's view of the screen. This monitor screen is divided into a grid pattern with display information written into each grid. Menu selection information and readout device assignment is located at the bottom of the screen on each menu page. Keeping this section at the bottom of the screen constant and unchanging allows the operator to rapidly page to the proper menu. Paging, display selection, and readout device assignment is accomplished simply by the operator's touching the screen with his finger in the area outlined by the grid pattern. Color can also be used to aid in menu information recognition.
The second portion of response time, draw time, was determined to be the result of the limited speed at which the host computer can write the display information to the display terminal over the 9600 baud serial line. Because of this serial link, this draw time could run as high as 20 seconds for more involved displays. The conclusion was that the serial link must be replaced by a high speed parallel data link. Because the RAMTEK 6200A's could only be interfaced serially, new equipment that could provide the parallel data link had to be procured. After investigation of several systems, the RAMTEK 9400 Color Display System was selected, and procurement was initiated. The 9400 system allows display generation within the 0.5-second draw-time requirement.
During the draw-time investigation, an additional hardware response problem related to the computer itself was identified. The PRIME 550 generally requires from 2 to 10 seconds to assemble from disk, core memory, and incoming data the necessary display generation information to be transmitted to the display device. This CPU response time rapidly grew worse as additional display terminals were added. This problem is currently being investigated. Our conclusions are that the CPU used in the display generation must be a better-than-average real-time system. 
